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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

FULI~SCAIE WIND-TUNNEL TESTS OF A 35° SWEPTBACK-WING
ATRPIANE WITH HIGH-VELOCITY BLOWING OVER THE
. TRATLING-EDGE FLAPS - LONGITUDINAI. AND
IATERAT. STABILITY AND CONTROL

By Williem H. Tolhurst, Jr., and Mark W. Kelly
SUMMARY

A wind-tunnel investigation was mede to determine the effects of a
blowing type boundary-layer control fIlsp on the longitudinal control and
lateral stebility and control of an F-86D airplane. The resulbts are
presenged as six-component force date measured at a Reynolds number of
T.5>A0%. '

The resulits showed that blowing over the deflected flap increased
the averasge downwash angle at the horizontal tail. With this increase
in downwash angle, however, the horizontal tail was not near stall at
trim conditions of interest during teke-off or landing. The lateral sta-
bility exhibited an increase in effective dihedral and in directlonal
stability with blowing over the flap. With the flaps deflected to 60°,
blowing over the flaps alsc increased the aileron effectiveness spproxi- .
mately 25 percent at the maximum aileron deflection angles.

Tests were made also of the following types of lateral control devices:
split-flap-type spoilers, differentially deflected flaps, and differentisal
amounts of blowing over the flaps.

INTRODUCTION

The investigation reported in reference 1 showed the 1lift, drasg, and
pitching-moment changes resulting from the use of blowing boundary-layer
control fleps on the YF-86D airplane. Reported herein are the results of
additional tests to examine the effects of the blowing flaps on the longi-
tudinal control and lateral stability and control of the Seme airplane,
Also reported are the results of tests to determine the effectiveness of
the following types of lateral caontrol devices: split-flap-type spoilers,
differentially deflected flaps, and differential emounts of blowing over
the flaps. '

CONPITENTIAL
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Wind-tunnel data have been presented in references 2 and 3 which show
that the wing leading-edge slats which are standard equipment on the F-86
airplane may be replaced, without loss in maximum 1ift, by a fixed leading -
edge having an increased nose radius and leading-edge cember. The modi-
fied leading edge was tested in flight (refs. 4 and 5) and was found to
have obJjectionable roll-off charsacteristics at the stall. It was found
during the flight tests that the installation of a fence on the leading
edge at the 0.628 semispan station slleviated the undesirable roll-off
characteristics.

In the sbove investigations, stablllity and control characteristics
were determined for the leading-edge modification in conjunction with s
single-slotted flep (refs. 2 and 4) and with the area-suction-type
boundary-layer-control flap (refs. 3 and 5). In the present Investigation,
thie same modification was tested with and without the fence to determine
the stability characteristics in conjunction with the blowlng-type
boundary-layer-control flap. Except for the tests evaluating the modified
leading edge and fence, the standard F-86 leading edge with the slats
locked in the retracted positlon was used throughout the Investigation.

NOTATION
e
A area, sq £t .
b wing span, £t
c wing chord, parsllel to plane of symmetry, ft
- 2 b/z ,
c mean aserodynsmic chord, 5 &) c2dy, £t
c horizontal-tail chord, parallel to plane of symmetry, £t
Cp drag coefficient, dreg
9o
Cr, 1if% coefficient, ity
Q.8
Cm pitching-moment coefficient, pitching_ycment
q. e
Cy rolling-moment coefficient, rolling moment -
Q5P
Cn yawing-moment coefficient,rya ;i;:ment _

ARRNIENENTTAL— -
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L.E.

gside force

Ao

slde-force coefficient,

Wi/e
momentum coefficient, —— V3
.5

difference of right and left flap momentum coefficient

distance from engine thrust line to moment center, £t

Vi
gross thrust from engine, WEgTP, b

WrlUe
net thrust from engine, Fg - g’ 1b

acceleration of gravity, 32.2 ft/sec2
horizontal-tail incidence angle, deg
leading edge

static pressure, 1lb/sq ft

total pressure in flep duect, 1b/sq ft
total pressure, lb/sq ft

dynamie pressure, 1b/sq £t

gas constant for alr, 1715 sq ft/sec2, deg Renkine
wing area, sq £t

temperature, deg Rankine

veloelty, ft/sec

velocity at tail-pipe exit, ft/sec

Jjet veloecity essuming isentropiq expansion,

7
22 pryf1 - <}9 , ft/sec
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lateral distance from vertical plane of symmetry, ft
angle of attack of fuselage reference line, deg
sideslip angle, deg

ratio of gpecific heats, 1.4 for air

alleron defleciion, measured in plane normsl to aileron hinge .
line, deg

Tlap deflection, measured in plane normal to flap hinge line, deg

difference of right and left flap deflection, deg

. spoller deflection, measured normal to spoiler hinge line, deg

angle hetween engine tail pipe and fuselage reference line, deg
(+6.5°)

angle between flap nozzle and a line through the flap hinge l1ine
perpendicular to the flap chord plane (see fig. 3(b))

Subscripts

free stream

trailing-edge-flap duects

engine N T : = L - s
trailing-edge flaps

engine inlet - e e
flap Jet

left

right

uncorrected
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MODEL AND APPARATUS

The model consisted of a YF-86D alrplane on which the standard single-
slotted flaps were replaced by plain flaps with blowing boundery-layer
control. A photograph of the model moumted in the Ames 40- by 80-foot
wind tunnel is shown in figure 1. A sketch showing the major dimensions
and geometric parameters of importance is presented in figure 2. The air-
foil section at the wing root was an NACA 0012-64 (modified) and at the
wing tip was an NACA OQll-64 (modified). Table I contains the airfoil
section ordinates at two spanwise stations. The horizontal tail, also
shown in figure 2, was all-moveble with the elevator locked in the
undeflected position.

Details of the wing with the various lateral control devices and the
blowing flap are shown in figure 3. A sectlon view of the modified leading
edge and detalls of the fence are shown in figure 4. Coordinates of the
modified wing leading edge at two span stations are given in table II.

The fence was installed on the modified leading edge parslliel to the wind-
stream at the 0.628 semispan station.

TESTS

Method of Testlng

The tests were conducted at a Reynolds number of 7.5x106 which corre-
sponds to a dynemic pressure of 25 pounds per square Foot, The angle of
attack was varied from -2° to +20° and the angle of sideslip from O°
to +8°. The flap blowing momentum coefficients were varied fram O to 0.0L8.

The effect of the blowlng flap on the longitudinal control waes deter-
mined by varying the alirplane angle of attack with the horizontal tail set
at various angles of incidence from +3° to —9.8?tm The dynamic pressure at
the Bdrizontal tail was measured by shielded total-head tubes located nesar
the leading edge of the tall., After completion of the leongitudinal con-
trol tests, the horizontel tail was removed from the airplane and all other
tests were conducted with the tail off but the vertical tall remained on
throughout the entire test program. Unless otherwise stated all tests
were mede with the slatted leading edge retracted and sealed.

The effecte of the blowlng fleps on the lateral stebility character-
istice were investigated by varying the angle of attack at constant angles
of sideslip with the flaps undeflected and deflected 60°.

The effectiveness of the various lateral control devices was deter-
mined by varying the angle of attack and operating the control on the right
wing only. The aileron deflection angle was veried from -15° to +15°. The

\ nny T S —
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spoiler was varied from O° to 60° deflection angle with the spanwise extent
varying from 0.47 semlspan to 0.87 semispan measured from the wing tip.
For the differentially deflected flaps the left flap was deflected a con-
stant 45° with the right flep varying from 25° to 75°, and with the left
flap at a constant 60° the right flap was varied from 25° to 85°, For the
differentiel blowing tests, both flaps were deflected to 60° and the Jet
momentum coefficient was varled on the right flap from Cy = O to 0.012
while the momentum coefficient on the left flap was held constent at
Cy=0.006. The flap nozzle was located at an sngular setting (@) of 22.5°
when the fleps were deflected to 45° and at 30° when the flaps were
deflected to 600, except during the tests with the flaps deflected d4dif-
ferentially. In these tests, the angle ¢ was held constant on the right
flap as it was deflected through the angle range.

Measurement of Engine Thrust

Since the source of high-pressure alr for the flap nozzles was a
turbojet engine mounted in the fuselage, it was necessary to correct the
measured force data for the effects of engine thrust. The gross thrust
was obtained from a static-thrust calibration using the tunnel balance
system. The net thrust was obtained by subtracting the ram dArag from the
gross thruet.

WEUo
FN = FG’ - —E—

The weight rate of flow through the engine, Wy, was obtained from pressure
measurements at the engine compressor inlet by the following equation:

2 v

o) Y

g = Ay 2y (Spi) <}J{) -1
r-1 RTy P/

A more detailed discussion of these measurements wlll be found in
reference 1.

CORRECTTONS

The force data obtalned from the wind-tumnel balance system were not
corrected for support-strut interference but were corrected for the effects
of the wind-tunnel-wall interference as follows;

»

CRUBRRENIIAL,
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o = qq + 0.611 Cr,,

= 2
Cp = CDu + 0.0107 CLu

Cm = Cm, + 0.00691 Cr,, (for tail-on tests only)
The following corrections for the effects of the engine thrust were made:

_ total 1irt _ Fy

Cr = sin(or, + €)
L a8 P
F
Cp = total drag . N cos(a + €)
SIS A
P
Cp = total m?ment + Nd;
Q.S a5 '
F
Cy = total side force + N cos{a + €)sin B
a8 9.5
c F
Cz _ total rolling moment - E Nd:. sin B + (FN& sin ﬁ) cos B
a.Sb b q.S¢c q.5b

RESULTS AND DISCUSSION

Longitudinal Control

The investigstion previously reported in reference 1 was primarily
concerned with the development of the plain flsp with blowing boundary-
layer control on the YP-86D sirplane. The data presented in that report
showed the effects of the blowing flap on the longitudinal stability of
the airplane, The Iinvestigation was continued, as reported herein, with
the horizontal tall set at various angles of incidence and the effects
of the blowlng flaps on the longltudinel control characteristics were
determined. '

Figure 5(a) shows the longitudinal characteristics of the airplane
with the flaps deflected 45° with no boundary-layer control. Figure 5(b)
shows the characteristies with blowing over the flaps at & constant momen-
tum coefficient. (The momentum coefficient was held constant at a value
which would insure boundary-layer control on the flap throughout the angle-
of-attack range.) Figures 6(a) and 6(b) show similar data for the flaps

COMMERENTTAL.
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deflected to 60°., Tail-off data are presented in addition to the tail-on
data 1n order to evaluste the average downwash angle at the horizontal
tail. The change in the averasge downwash angle at the tall was computed
from these data. It was found that blowing over the flaps lncreased the
downwash angle spproximately 3.5° wilth the flaps deflected to 45° and
approximately 4.5° with the flaps at 60°, (The measured total-head ratio
at the tail remained unity for all angles of attack and flap deflections
when boundary-layer control was applled to the flap.) Although the down-
wash angle at the tall was incressed by the blowing flap, the data indicate
that the horizontal tajil was not near the stall for trim conditions in the
flight range of interest during take~off and landing.

Lateral Stability

The effects of deflecting the flaps to 60° and of blowing over the
flap on the serodynamic¢ charscteristics of the airplane at various angles
of sideslip is shown in figure 7, These results indicate that there 1s a
small increase in both dihedral effect and directlonal stability. (As
mentioned previously in "Tests" all lateral stebllity and control date
were measured with the horizontal tail off,)

Lateral Control

Allerons.- The effect of aileron deflection on the aerodynamic char-
acteristics of the alrplane with undeflected flaps is shown in figure 8.
Figure 9 shows the effect of aileron deflection when the flaps are
deflected to 60° both with and without blowing over the flaps. A compari-
son in figure 10 shows that with the flap deflected 60° blowing over the
flap increases the aileron effectliveness by an almost constant increment
which amounts to approximately 25 percent at the maximum deflection angle.
An increase in aileron effectiveness by flap blowing has also been noted
in unpublished pilot comments pertaining to flights of an airplane of this
type equipped with blowlng boundary-leyer-control flaps.

Spoilers.- The effectiveness of spoilers as a lateral control device
is shown in figures 11 through 20. The data presented in figures 11
through 16 were cobtained with no blowing cver the trailing-edge flaps and
show characteristics typical of spoiler comtrols., The datsa presented 1n
figures 17 through 20 were obtained with blowing over the flaps and 1t
may be seen that with the full-spah spoiler large nonlinesrities in the
curves of rolling moment as a function of spoller deflection were obtained.
These nonlinearities resulted when the spoiler shead of the flap was
deflected a sufficient amount to cvercome thé flap boundary-layer control
and. thus stall the flap.

e A
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The smount of nonlinearity could, of course, be reduced by reducing
the amount of spoiler operating shead of the flep. Reducing the span of
the spoiler to 0.55 semispen (fig. 19(b)) decressed the asmount of non-
linearity and still retained rolling moments which were comparsble to
those of the standard aileron (fig. 8(b)). Reduction of the spoller span
to 0.47 semispan (fig. 20(b)) further reduced the nonlinearity but resulted
in rolling moments which were less than those of the aileron.

Differential flap deflection.- The effectiveness of differentially
deflected flaps as a roll control device is shown in figures 21 through 25.
The data of figures 21 and 23 were obtained with no boundary-leyer control
on the flaps while the data of figures 22 and 24 were obtained by msin-
taining C“ equal and constant on each flap. In these latter figures it
is seen that as the right-hand flap was deflected from the minimm angle
(8¢ = 25°) downward there was an angle at which the Cj was not sufficlent
to retain boundary-layer control and there was a reversal in roll direc-
tion., When these data are compared with the data of reference 1
(fig. 16(a)) it is seen that the right flap stalls at & lower deflection
angle than would be expected from the data of reference 1. TIn the present
test the angle ¢ was held constant at the position dictated by the mini-
mum pressure location (ref. 1, p. 1h) when the flaps were set at equal
deflection angles. When the deflection angle of the right flap was
increased, the nozzle moved behind the minimm pressure peak and the momen-
tum of the jet was imsufficient to control separation. As shown in fig-
ure 25, when the value of Cp was increased with increasing flap deflectior
angle to maintain boundary-layer control throughout the angle range, the
reversal in roll direction was eliminated snd rolling moments compearable
to those of the standard aileron (fig. 8(b)) were developed.

Differential flap blowing.- The effects of blowing dlifferentially
over the flaps 1s shown in figure 26. The effectiveness of this method
of control depended on the msnner in which it wae applied. When the Cy
on one flap was inecreased gbove the amount required for boundary-layer
control, insignificant rolling mcments were developed within the available
Cp .range. When the (, was reduced and separation occurred on the flap
significant rolling moments were developed.

Wing Teading-Edge Modification

As discussed in the introduction, wind-tunnel and flight investi-
gations have been made (refs. 2 to 5) which show that the standsrd F-86
wing leading-edge slats may be replaced by a fixed leading edge having

‘an increased nose radius and camber. The modified leading edge was found

to increase the maximum 1ift obtainable but at the stall there was an
objectionable roll-off which was subsequently relieved by the installa-
tion of a fence st the 0.628 semispan station. This leading edge, heving
been tested with both & single-slotted flsp and an ares-suction-type
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boundary-layer-control flasp, was tested during the present investigation
to eveluate it, with and without the fence, with the blowing-type fliap.

The aerodynamic characteristics of the airplane with the modified
leading edge are compared, in figure 27, wilth data from reference 1 show-
ing the characteristics of the alrplane with the standard slats extended.
for the flaps deflected 60° without and with blowing om the flaps. As in
the previous tests (refs. 2 and 3), C Lpay "66 increased by the leading

edge modification but the stall was accompanied by a severe roll-off and
an unstable pitching-moment bresk. Addition of the fences resulted in
almost complete eliminstion of the roll-off, but the maximum 1ift was
reduced to a value that nullified the gains made by the modified leading

edge.

CONCLUDING REMARKS

The investigation of the effects of blowing~flap boundary-layer con-

trol on the longitudinal control of the YF-86D airplane indicated that the

average downwash angle at the horizontal tail was lncreased approximately
3.5° and 4.5° by blowlng over the flaps deflected 45° and 60°, respec-
tively. With this increase in dowmwash angle, however, the 1ift of the
horizontal tail was not near stall at trim conditions of interest during
landing or take-off. )

The lateral stabllity was increased slightly by blowing over the
flaps. With the flaps deflected 600, blowing over the flsps increased
the effectiveness of the allerons by approximately 25 percent at the
maximum aileron angle.

Tests of alternate lateral control .devices_indicated that spollers
used. in conjunction with blowing-type flaps would give roll control cam-
perable to that of the standard aileron. Roll control by means of dif-
ferentially deflected flaps was also found to be feasible; however, roll
control by differential amounts of blowing on the flaps did not produce
rolling moments comparable to those of the alleron until one flap was
completely stalled.

The 1ift increase developed by the use of a modified leading edge
was nullified when fences were installed to minlmize the sharp stall and

roil-off.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronmsutics
Moffett Field, Calif., May 2&, 1956
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QUARTER-CHORD LINE AT TWO SPAN STATIONS

oI

TABIE I.- COORDINATES CF THE WING AIRFOIL SECTIONS NCRMAT, TC THE WING

[Dimensions given in inches]

NACA RM AS6E2h4

Section at 0.467 semispan | Section at 0.857 semispan
Distance Ordinate Distance Ordinate
from L.EJ Upper L.ower from L.E. Upper Lower
0 0.231 —_—— 0 -0.098 -—-
.119 .738 | -0.307 .089 278 | -0.464
.239 - .9k3 -.516 7T 420 -.605
.398 1.127 -.698 .295 .562 -.T39
597 1.320 -.895 Juh3 . 701 -.879
.996 1.607 | -1.196 . 738 .908 | -1.089
1.992 2.104 | -1.703 1.476 1.273 | -1.437
3.984 2.715 | -2.358 2.952 1.730 { -1.878
5.976 3.121 | -2.811 4 408 2.046 | -2.176
7.968 3.428 | -3.161 5.903 2.290 | -2.hor
11.952 3.863 | -3.687 8.855 2.648 | -2.722
15.936 hoi57 | -bL.064 11.806 2.911 | ~2.94k
19.920 4,357 | -k.364 1k, 758 3.10% | -3.102
23.904 L 480 | -4.573 17.710 3.2% | -3.200
27.888 4.533 | -4.719 20.661 3.333 | -3.250
31.872 k525 | -L.800 23.613 3.380 | -3.256
35.856 L hhk | -k 812 26.564 3.373 | -3.213
39.840 L.299 [ -4,758 29.516 3.322 | -3.126
43,825 h.o81 | -4.638 32.467 3.219 | -2.989
47.809 3.808 | -k, U452 35.419 3.07k | -2.803
51.793 3.h70 | -k.202 38.370 2.885 | -2.574
55.7TTT 3.066 | -3.891 k1,322 2.650 | -2.302
59.761 2.603 | -3.521 iy 273 2.37k | -1.986
863,745 2.079 | -3.089 | &47.225 2.054 | -1.625
83.681 -. 740 -— 63.031 .321 -—-
L.E. radius: 1.202, center| L.E. radius: 0.822, center]
at (1.202, 0.216) at (0.822, -0.093)

8Straight lines to trailing edge
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TABIE ITI.- COORDINATES OF THE MODIFIED WING LEADING EDGE AT TWO
SPAN STATIONS NORMAT, TO THE WING QUARTER-CHORD LINE
[Dimensions given in inches]

Section at 0.467 semispan Section at 0.857 semispan
Distance Ordinate Distance Ordinate
from L.E.| Upper Iower | from L.E.| Upper Tower

-1.692 -1.4h5 -— -1.250 -1.359 -—

-1.273 -.348 | -2.552 -.934 -.hos | -2.192

-.855 222 | -2.898 -.619 -.009 | -2.454
-.136 629 | -3.11k -.304 197 | -2.609
-.018 969 | -3.272 .011 456 | -2.701
koo 1.266 | -3.391 .326 675 | -2.769
.819 1.527 | -3.473 641 867 | -2.796
1.237 1.760 | -3.523 .956 1.040 | -2.813
1.655 1.952 | -3.549 1.272 1.189 | -2.821
1.992 2.104 - -~ 1476 1.273 -
2.07h _— -3.552 1.587 -~-" 1 -2.813
2.911 -— -3.531 2.217 —— -2.787
4,166 -_— -3.481 3.163 - -2,7h2
6.258 — -3.h72 L. 739 - -2.709
8.350 —-—- -3.542 6.31h -— -2.712

10.kk2 | --- -3.657 7.890 -~ -2.751

14,626 ——— -3.956 9.466 -— -2.808

15.936 - =L, o6k 11.042 _— -2.885

11.806 -— -2.94l
L.E. radius: 1.6Th, center | L.E. radius: 1.261, centen
at (-0.018, -1.445) at (0.011, -1.359)
R

13
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A-18718

Figure 1,- Photograph of YF-86D sirplane mounted in the Ames 40- by 80-foot
wind tunnel.
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A1l dimensions in feet
unless otherwise noted
18.58
)
37.73% cy/h —
[
— 7-)4-2
-~ L= '
N =
e 10,81 \\\
Moment center \ 
g ' o
Sweep (1/L chord line) 35.00
Agpect ratio LTS
Taper ratio B .
Twist 2,0°
Dihedral 3,0°
Area 287,90 sq £t
Horizontal Tail o
Sweep 35.00
Agpect ratio © LT3
Taper ratio 451
Twist o°
Dihedral 0o T
Area 16.5 8q £t
9.79
/\ 2.25-
/_ ¥ _ i | ¥
e
r 39.34 .

Pigure 2.- General arrangement of Y#-86D airpleane.
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25,9

35'8 26.80

All dimensions in inches
unless obtherwise noted

16,Y (constant chord)

e/l

Sta.
213.3
Qe
23.0

Sta.
217.0°\]

van

Center Sta,
of Llap — Sta:.Llé'2 l._ 635
rotation 110.58
e
(a) Wing plan form. 19.2

Figure 3.- Details of wing wlth lateral control devices and blowing flap.
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411 dimensions in inches
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Bleed air duct

Nozzle

Canter \
of flap
rotgtion 0.80

(b) Section view of blowing flap end spoiler,

Figure 3.- Concluded,
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Dimensions in feet

Wing reference |
plane \ ~ 0. 069 R

‘ 1 _
0008

) { \t ~ — Ummodified profile
~£_

0.105 R
/Hodii‘ied profile

(a) Airfoll section at 0.857 semispan normal to wing quarter-chord line.

0,113

-t 1. 50 T

/ .

- £ "

Wing reference
plane

(b) Fence located at 0.628 semispan.

Figure L.- Details of modified wing leading edge and fence.
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Figure 5.~ Aerodynamic characteristics of the airplene with the horizontal tail; 8p = hﬁo.
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Figure 6,- Aerodynamie characteristics of the alrplane with the hordizontal teil; e = 60°.
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(a) Iongitudinal characteristics,

Figure T.- Effect of flap deflection and flap blowing on the serodynamlic characteristics of the
alrplane at various sideslip angles,
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Figure T7.- Concluded.
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Figure 9.- Effect of alleron deflection on the asrodynsmic cheracteristics of the airplane; &¢= 60°
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Plgure 11.- Effect of spoller deflectlion on the aerodynamic characteristlcs of the airplane;
0.87-semispan spoiler, 8, = O°.
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(b) Lateral characteristics.
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(a) Tongltudinel characteristics.

Figure 12.- Effect of spoller deflection on the serodynsmic cheracterigtics of the -airplane;

0.55-semispan spoiler, &p = (O,
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Figure 12,- Concluded,
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(a) Longitudina]l characteristics.

Figure 13.- Effects of spoiler deflection on the aerodynamlc characteristics of the alrplane;
0.87-semispan spoller, 8¢ = 60°, ¢, = 0.
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(b) Iateral charscteristics.
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Figure 1h.- Effects of deflection on the amerodynsmic characteristics of the alrplame; 0,68-semispan
spoiler, 8p = 60°, Cp = O,
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(2) Tongitudinal characteristics.

Flgure 15,- Effects of spoiler deflection on the aerodynsmic cheracteriatics of the airplane;
0.55-semispan spoller, 8p = 60%, C, = 0.
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(b) Lateral characteristics.
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(a) Tongitudinal characteristics.

Figure 16,- Effects of spoiler deflection on the sercdynemic characteristics of the alrplaene;
0.47-gemispan spoiler, Bp = 60°, C, = O.
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Figure 16.~ Concluded.
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(e) Tongltudinel characteristics.

Figure 17.- Effects of spoller deflection on the aerodynamlc characteristics of the airplane;
0.87-semigpan spoiler, Be = 60°, C; = 0.0L7.
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Figure 18.- Effects of spoller deflection on the merodynamic characterlstics of the airplene;

0.68-semispan spoiler, 8, = 60°, G, = 0.017.
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(b) Lateral characteristics.

Figure 18.- Concluded.
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(a) Longitudinel characteristics.

Flgure 19.- EBffects of spoiler deflection on the serodynamic characterdistics of the airplsabe;

0,55-eemiepsn spoiler, 8, = 60°, ¢, = 0,017.
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Figure 19.~ Concluded,
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Figure 20.~ Effects of spoller deflectlion on the aerodynamic characterlistice of the airplane;
0.47-pemigpsn spoiler, 8p = 60°, ¢, = 0.0L7. .
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(b) Lateral ehsracteristics,

Flgure 20.- Concluded,
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(2) Tongitudinal characteristics.
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Figure 21.- Effect of differentially deflected fleps on the serodynemic characteristics of the

sirplane; Bp (left) = 45°, g, = 0.
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(b) lateral characteristics.

Figure 21.- Concluded.
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Figure 22.- Effect of differentially deflected flaps on the aerodynamic charascterlistlce of the
airplene; 8p (left) = b5°, Cu = Gy Cug * Oy = 0.012, ¢ = 22.5°.
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Figure 22,- Concluded.
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(a) Iongltudinel characteristics.

Figure 23.~ Effect of differentially deflected flaps on the asrcdynemic charscteristice of the
airplane; 8¢ (left) = 60°, ¢y = O,
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(a) ILongitudinel charecteristics,

Flgure 24,- Bffect of differential flap deflection on the aerodynamic charscteriatics of the
airplane; 8p (left) = 60°, Cuy = Gy, Cup + Gy, = 0.0L7, @ = 30°.
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(a) Longltudinal characteristics.

Figure 25,- Effect of differentially deflected flaps with blowling increased with increasing flap

deflection angle; 8p (left)-= 60°, Cy (left flap) = 0.007.
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(b) Lateral characteristics,

Figure 25.- Concluded.
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(a) Longltudinal characteristice.

Figure 26.- Effect of blowing differentially over the flaps; 8 = 60°, C, (left) = 0.006.
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(a) Tongitudinal characteristics.

Figure 27.~ Aerodynamic characteristics of the airplane with the modified leading edge; 8p = 60°,
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Figure 27.- Concluded.
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